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Osteoporosis and its associated fractures are common complications of aging and most strategies to prevent and/or treat bone
loss focused on antiresorptive medications. However, aerobic exercise (AEX) and/or whole-body vibration (WBV) might have
beneﬁcial eﬀect on bone mass and provide an alternative approach to increase or maintain bone mineral density (BMD) and
reduce the risk of fractures. The purpose of this paper was to investigate the potential beneﬁts of AEX and WBV on BMD in
older population and discuss the possible mechanisms of action. Several online databases were utilized and based on the available
literaturetheconsensusisthatbothAEXandWBVmayincreasespineandfemoralBMDinolderadults.Therefore, AEX andWBV
could serve as nonpharmacological and complementary approaches to increasing/maintaining BMD. However, it is uncertain if
noted eﬀects could be permanent and further studies are needed to investigate sustainabilityof either type of the exercise.
1.Introduction
Osteoporosis, a disorder characterized by the progressive
loss of bone tissue and microarchitectural deterioration,
remains a public health problem and reduces the quality
of life for the aging population [1]. It has been estimated
that with increasing age, bone mineral density (BMD) in
women decreases 1-2% per year at the femoral neck and
spine (excluding the inﬂuence of corticosteroid use) [2].
To date, the predominant medical strategies to prevent
and/or treat postmenopausal bone loss have focused on
antiresorptive medications (i.e., bisphosphonates). However,
t h e s et r e a t m e n t sm i g h tb el i m i t e dd u et oa d v e r s es i d ee ﬀects,
questionable compliance, and long-term safety concerns [3].
Simple aerobic exercises (AEX) like walking, jogging, and
running could provide an important role in maintaining
and/or increasing bone density in women [4]. Therefore,
implementing nonpharmacological treatments that have
little or no inherent side eﬀects (like exercise), either alone
or in combination with pharmaceutical agents, is critical.
Although regular AEX may improve bone status and/or
maintain bone mass preventing fractures [5], relatively vig-
orous aerobic, weight-bearing, or strength training regimens
a r ee v e nm o r ee ﬀective [6]. However, in some cases vigorous
exercise may increase the risk of injury, particularly in
the elderly. Also, compliance to vigorous exercise is likely
to be low in the older population. The published studies
examining the positive role for AEX in relation to bone
mineral density (BMD) are inconclusive. Several controlled
intervention studies have shown positive eﬀects on BMD
[7], while others have yielded either mixed [8]o rn e g a t i v e
results [9]. These diﬀerences could be attributed to diﬀerent
study populations(youngoroldadults),thelevelofintensity
tested (low or high), and/or kind of activities (running,
jogging, etc.) employed. To narrow down the discussing
realm for this review, we focus on the impact of organized
aerobic activities performed on treadmill and other gym
equipment, as well as running and/or walking, on BMD in
older adults.
Whole-body vibration (WBV) or vibration training is a
relatively new type of exercise in the “Wellness” industry.
Previously used for astronauts, WBV has been reported to
have the positive eﬀect on BMD, similar to that of AEX in
both animal [10, 11]a n dh u m a n[ 12, 13] studies. Some
studies also compared the eﬀect of WBV and resistance2 Journal of Aging Research
training on muscle strength with positive results [14, 15].
Current WBV machines deliver vibrations at a frequency
between 15 and 60Hz. The resonance frequencies of the
spine occur between 5 and 15Hz [16] which are also the fre-
quencies considered to be a causative factor in low back pain
[17] and circulatory disorders like Raynaud’s phenomenon
[18]. However, WBV-related injuries (back pain, muscular
discomfort, etc.) can be prevented by limiting the duration
to a maximum of 10 minutes and maintaining the posture of
the participant in a semisquat stance which involves the leg
muscles reducing the transmission of vibrations to the head
[19]. Therefore, WBV may be safer to apply and easier to
comply with than AEX, particularly in a community setting.
However, there is no consensus regarding the beneﬁts, safety,
and long-term application of WBV. To our knowledge, there
is also no comparison of the eﬀects of WBV and AEX on
BMD in elderly. Therefore, the purpose of this paper was to
evaluate and compare the eﬀect of AEX and WBV on BMD
atvariousskeletalsitesin olderpopulationand toexplain the
possible mechanisms of their action on bone.
2.Methods
Papers on AEX and whole-body vibration published in
English were searched using PubMed and MedLine (First-
Search) databases. Combinations of the following phrases
as keywords were used in the search “Aerobic exercise/
whole-body vibration,” “bone mineral density/content,”
“older women/female,” “older men/male,” and “running/
walking/jumping” and would have to be present in the
title, abstract, or keywords. AEX included treadmill walking,
stepping exercise, and jumping. Studies with strength and
resistance exercise were not included in this context. After
excluding studies with vitamin D and calcium supplemen-
tation, or those involving subjects on medications and
diﬀerent chronic conditions, 17 studies were selected and
are discussed in this paper for the eﬀects of AEX. After
excluding studies that examined WBV but focused on bone
implants and those in which medications and other special
treatment were used, 4 studies were selected and discussed in
thispaper.Asnapshotoftherelevantstudiesandtheiroverall
description is shown in Tables 1 and 2.
3. Effect ofAerobic Exerciseon Bone in
OlderPopulation
3.1. Organized Aerobic Activities. Women entering meno-
pause face many challenges regarding their bone health,
especially those with a history of or current inactivity
[37]. Therefore, engaging the elderly in exercise programs
is necessary to maintain BMD and increase the quality
of life. Most of resistance exercises have shown a positive
eﬀecton increasing or maintaining BMD in postmenopausal
women [38, 39]. Whether AEX has the same eﬀect is
questionable. Results from a meta-analysis revealed that
AEX maintained spine and signiﬁcantly increased femoral
neck BMD, suggesting that the femoral neck might be
more responsive to high-impact AEX than the lumbar spine
[40]. Welsh and Rutherford [33] found that 1-year AEX
including high-load step and jumping signiﬁcantly increased
femoral neck and trochanter BMD in a group of previously
sedentary men and postmenopausal women. In addition,
Chien et al. [21] found that a 6-month AEX intervention,
including graded treadmill-walking and stepping, signif-
icantly increased femoral neck, but not spine BMD in
Chinese postmenopausal women. Even in the chronic stroke
population, AEX maintained the femoral neck BMD, while
a signiﬁcant reduction in BMD was observed in controls
[32]. These results suggest that AEX has positive impact on
femoral neck BMD.
Confounding results still exist as some studies have
shown that AEX did not enhance BMD in postmenopausal
women [28, 30, 41]. These conﬂicting results were most
likely due to insuﬃcient intensity and frequency of exercise,
small sample sizes, and the choice of measurement site
employed in each study. The most frequently used duration
and frequency of AEX were 30–60 minutes per session, 2-
3 times a week. In a community exercise program, it was
found that 1 year of AEX combined with strength training
did not show an improvement in BMD at several skeletal
sites in women aged 60 years and over [28]. Martin and
Notelovitz [30] showed that 1 year of moderate AEX did not
improve spine or forearm BMD due to inadequate sample
sizes to detect small changes in bone. Other limitations were
the low intensity of exercise and the lack of the involvement
ofupperextremitiesactivities.Resultsfromthemeta-analysis
showed that exercise did not improve femoral neck BMD in
postmenopausal women[41]thoughtresistance training was
included in their data analysis. The conﬂicting conclusion
may be due to the combination of aerobic and resistance
exercise in their data analysis and the diﬀerent choice of
measurement such as forearm or spine. If we only consider
the eﬀect of AEX on BMD, not including other kinds of
exercises, AEX seems to increase femoral BMD in older
adults.
3.2. Running and Walking. Some longitudinal studies exam-
ined the impact of running on BMD in older individuals.
AlthoughWiswell etal.[34]foundthat54malerunners aged
40 to 80 years maintained their hip and spine BMD over a
4- to 5-year running period by self-reporting training hours
comparedtotheirbaselinemeasurements,theagerangeused
may be too large to draw meaningful conclusions. A similar
study revealed that runners exhibited a lower age-related
bone loss compared to controls although both runners and
controls had a signiﬁcant decrease in spine BMD after a 5-
year followup [31]. A 9-year longitudinal study following
the running subjects showed that those who maintained
their training volume lost less bone in the spine than those
who did not maintain their running regimens [29]. These
results demonstrate that running is beneﬁcial to maintain
the BMD for elderly. In contrast, Kirk et al. [26]f o u n d
that postmenopausal runners tended to have lower spine
BMD than age- and height-matched controls, indicating that
running preventshipBMDloss, butitmaynotmaintain age-
related reduction of spine BMD in older men and women.Journal of Aging Research 3
Table 1: Snap-shotof the relevant studies∗ investigating the relationship of aerobic exercise and BMD of various skeletal sites.
Authors (reference) Design/subjects Bone measurements
(BMD/BMC) Results
Brook-Wavellet al.
1997 [20]
78 sedentary women were assigned to
either brisk walking (n = 38) for 1 year
or controls (n = 40)
DXA (Lunar DPX-L) (GE
Medical Systems,
Madison, WI) and McCue
Ultrasonics (Winchester,
UK)
Regular brisk walkingfor 1 year
increased BMD signiﬁcantly at calcaneus
and almost signiﬁcantlyat the lumbar
spine in postmenopausal women
compared to controls
Chien et al. 2000 [21]
43 postmenopausal Chinese women were
assigned to either treadmill walking or
stepping exercise (n = 23) for 6-month
and nonexercise controls (n = 21) for 2
years
DXA (XR-26 Mark II
machine, Norland Corp.,
WI)
Femoral neck BMD was signiﬁcantly
increased in postmenopausal women on
treadmill compared to controls
Ebrahim et al. 1997
[22]
98 postmenopausal women were
randomlyallocated to brisk walking
(n = 49) or placebo group (n = 48)
DXA (Lunar DPX) (GE
Medical Systems,
Madison, WI)
Brisk walkingfor 2 years had less femoral
neck BMD loss than placebo groups
Hatori et al. 1993 [8]
33 postmenopausal women were
randomlyassigned to 12 controls
(n = 12), moderate intensity walking
(n = 9), and high-intensity walking
group (n = 12) for 7 months
DXA (QDR-1000)
(Hologic Inc., Bedford,
MA)
7-month high-intensity walking
attenuated bone loss at the lumbar spine
in postmenopausal women
Ilich-Ernst et al. 2002
[23]
77 older Caucasian women were assessed
for past physical activity and past and
present walking
DXA (Lunar DPX-MD)
(GE Medical Systems,
Madison, WI)
Hip bone mass increased in subjects
walking at a brisk or fast pace
Ilich and Brownbill
2008 [24]
97 postmenopausal women were
compared regarding the walking pace
(slow,fast, or brisk)
DXA (Lunar DPX-MD)
(GE Medical Systems,
Madison, WI)
A signiﬁcantlyhigher femoral neck
BMD/BMC at a brisk walking pace than
as l o ww a l k i n gp a c e
Iwamoto et al. 2002
[25]
35 postmenopausal women were
assigned to either brisk walking and
gymnastic training (n = 15) or controls
(n = 20) for 1 years
DXA (XR-26 or XR-36)
(Norland, Fort Atkinson,
WI)
One year of brisk walkingcombined with
gymnastic training signiﬁcantly
increased the spine BMD
Kirk et al. 1989 [26]
Premenopausal runners (n = 10) and
postmenopausal women (n = 9) runners
and matched premenopausal sedentary
controls (n = 10) and postmenopausal
sedentary controls (n = 9)
QCT
Postmenopausalrunners tended to have
l o w e rl u m b a rs p i n eB M Dt h a n
premenopausal women runners and
age-matched controls
Krall and
Dawson-Hughes
1994 [27]
237 healthy Caucasianwomen were
assessed by questionnaire of current and
historical participation in outdoor
walking
DXA (Lunar DPX) (Lunar
Corp., Madison, WI)
Womenwho walked more than
7.5miles/week had higher whole body,
leg, and trunk BMD than those who
walked less than 1mile/week
Lord et al. 1996 [28]
136 women were assigned to either AEX
with strength training (n = 66) or
control group (n = 70) for 42 weeks
DXA (Lunar DPX) (Lunar
Corp., Madison, WI)
There was no diﬀerence in BMD at
diﬀerent sites
Lane et al. 1998 [29]
Runners (n = 28) and nonrunner
controls (n = 27) were followed for 9
years
QCT Runners lost less bone in the spine than
controls
Martin and
Notelovitz 1993 [30]
55 postmenopausal women were
assigned to control (n = 19), 30-minute
AEX (n = 20), or 45-minute AEX
(n = 16) for 12 months
DXA Moderate AEX did not improve lumbar
or forearm BMD
Michel et al. 1992
[31]
Elder runners (n = 14) and matched
controls (n = 14) were followed for 5
years
QCT (Quantitative GE
9800CT)
Running reduced age-related bone loss
both in women and men over 50 years of
age
Pang et al. 2005 [32]
63 older people with chronic strokes
were randomly assigned to exercise
(n = 32) with ﬁtness and mobility
exercise program and control (n = 31)
with a seated upper extremity program
DXA (QDR 4500)
(Hologic Inc., Waltham,
MA)
Exercise group maintained the femoral
neck BMD, while a signiﬁcant reduction
in BMD was observed in controls4 Journal of Aging Research
Table 1: Continued.
Authors (reference) Design/subjects Bone measurements
(BMD/BMC) Results
Welsh and
Rutherford 1996 [33]
30 men and women were assigned to
either high-impact AEX (n = 15) for
1-year or nonexercise controls (n = 15)
DXA (Lunar DPX-L)
(Lunar Corp., Madison,
WI)
Exerciser had signiﬁcantly increased
femoral neck BMD after 1-year training,
while there were no observed changes in
controls
Wiswell et al. 2002
[34]
54-old-male runners were intervened
longitudinally over a 5- to 7-year period
DXA (QDR 1500)
(Hologic, Inc., Bedford,
MA)
Hip and spine BMD were maintained by
a 4- to 5-year running period compared
to their baseline measurement
DXA = dual energy X-ray absorptiometry, QCT = quantitative computed tomography.
∗Reference no. [9]d i dn o ts h o wap o s i t i v ee ﬀect on bone and although it is discussed in the text, it is not presented in the table.
Table 2: Snap-shot of the relevant studies∗ investigating the relationship of whole-body vibration and BMD of various skeletal sites.
Authors (reference) Design/subjects Bone measurements
(BMD/BMC) Results
Gusi et al. 2006 [19]
28 postmenopausal women were
randomlyassigned to either WBV
(12.6Hz, n = 14) or walking group (an
hour walking, n = 14) for 8 months
DXA (Norland Inc., Fort
Atkinson, USA)
After 8 months,femoral neck BMD in
t h eW B Vg r o u pw a si n c r e a s e db y4 . 3 %
compared to the walkinggroup. There
were no observed change at the lumbar
spine and other sites of the hip between
two groups
Rubin et al. 2004
[13]
24 postmenopausal women were
randomlyassigned to either WBV
(30Hz, n = 12) or placebo vibration
devices (n = 12) for two 10 minutes per
day for 6 months
DXA (QDR 2000)
(Hologic, Waltham,MA,
USA)
There was no diﬀerence between WBV
and placebo group. Evaluating people
with highest compliance, placebo lost
2.13% of BMD in the femoral neck but
WBV group increased by 0.04%
Verschueren et al.
2004 [35]
70 were randomly assigned to WBV
(35–40Hz, n = 25), resistance training
group (n = 22), or a control group
(n = 23) for 6 months
DXA (QDR-4500A)
(Hologic, Inc., Bedford,
MA)
Total hip BMD in WBV group
signiﬁcantly increased by 1.51%
compared to control group
DXA = dual energy X-ray absorptiometry.
∗Reference no. [36] is discussedin the text, but it is not presented in the table as it is a one-subject study.
While these results did not demonstrate positive eﬀect on
spine, they are consistent with the mechanostat theory that
the BMD of a lower limb, a primary weight-bearing site,
beneﬁts the most from running [42].
Ideally, running and walking could be an eﬀective
measure to prevent the loss of bone mass for the older
population; however, compliance with moderate to intensive
exercise is questionable. Low-intensity AEX such as walking
has a lower impact force upon the skeleton compared to
running; therefore, it might oﬀer an inferior osteogenic
stimulus. Walking as a physical activity may be beneﬁcial for
postmenopausal women as well as elderly population, but
it may depend on walking speed, with brisk and fast pace
being more advantageous [27]. Krall and Dawson-Hughes
[27] examined the impact of current and past walking on
BMD in 237 healthy Caucasian women (43–72 years) and
found that women who walked more than 7.5miles/week
had higher whole body, leg, and trunk BMD compared to
those who walked less than 1mile/week. Furthermore, the
number of miles walked per week during a 1-year period was
positively correlated with the rate of BMD increase in the
lower limbs. A recent meta-analysis reported that walking
had favorable eﬀects on hip, but not spine [43]. However,
an earlier meta-analysis results showed that walking had a
positive signiﬁcant eﬀect on spine but not on femoral BMD
[44]. This contradiction is probably due to including the
same groups of population twice in their analysis and the
combination of other exercise modes with walking.
Based on the observational and intervention studies
investigating the inﬂuence of diﬀerent walking regimens on
BMD[20,23,24],itwassuggestedthatbriskandfastwalking
pace is more beneﬁcial in speciﬁc skeletal sites, for example,
footandcalcanealbones[20].Ilich-Ernstetal.[23]evaluated
the eﬀect of self-reported past and current walking routines
(including normal, fast, and brisk pace) on BMD in older
Caucasian women and found that both forearm and hip
BMD were higher in the subjects that were able to walk at
a brisk or fast pace. Similarly, in a 3-year evaluation of the
eﬀects of walking and other habitual physical activities (not
necessarily aerobic) on BMD in postmenopausal women,
Ilich and Brownbill [24] reported that walking at a faster
pace, involvement in sports/recreational activities, and even
participation in low-impact physical activities were essential
in augmenting bone mass. In a randomized study, it was
shown that one year of brisk walking signiﬁcantly increased
calcaneal BMD and slightly increased spine BMD, although
not signiﬁcantly [20]. Similarly, a 2-year brisk walking
regimen signiﬁcantly reduced loss of BMD at femoral neck,Journal of Aging Research 5
but there was no diﬀerence at the spine BMD [22]. These
results support walking as an eﬀective method of increasing
BMD and conﬁrm that a brisk and fast walking pace may, in
additiontofemoral BMD,alsobeneﬁtcalcaneusandforearm
BMD. However, most of the studies have been done in
womenwhileoldermenhavebeenlessinvestigatedregarding
the osteogenic response to walking and running.
There is a consensus that a combination of aerobic
and anaerobic exercise is more eﬀective in improving
bone mass than either one alone [45]. One year of brisk
walking combined with gymnastic training either increased
or maintained the spine BMD in postmenopausal women
[25]. Results from an earlier meta-analysis showed that
walking with other AEXs signiﬁcantly aﬀected the BMD at
spine, but not hip [46]. Bone mass increases or decreases
in response to mechanical loading depending on whether
the thresholds controlling bone formation and resorption
have been reached [47]. A few studies have demonstrated
the importance of walking intensity on BMD preservation
in postmenopausal women. Hatori et al. [8]r e p o r t e dt h a t
7 months of walking with an intensity above 110% of the
heart rate at its anaerobic threshold attenuated bone loss
in the spine of postmenopausal women, whereas walking at
an intensity below 90% of the heart rate at its anaerobic
threshold had no inﬂuence on BMD. Similarly, Borer et al.
[48] conﬁrmed that fast walking pace increased leg and total
BMD in early postmenopausal women who were engaged
in 15 weeks of walking. These studies demonstrate positive
eﬀect of walking intensity on BMD at diﬀerent skeletal sites.
The greater response to the higher intensity walking may
be due to the elevated ground reaction forces that occur at
a faster walking pace. A failure to show increase in spine
BMD during a walking study by Cavanaugh and Cann
[9] in 55-year-old postmenopausal women may be due to
the employment of lower walking intensities. Therefore, a
combination of diﬀerent kinds of AEXs may be the most
eﬃcient approach to reach desired exercise intensity to
enhance or maintain bone mass at diﬀerent skeletal sites in
postmenopausal women.
4.Possible Mechanism by Which Aerobic
ExerciseAffectsBone
It is generally accepted that mechanical loading on bones
is probably one of the ways to induce skeleton’s structural
changes and increase bone mass. Physical activity induces
a mechanical load on bone tissues due to external forces
and muscle contractions, the latter exerting the greater force
on bones than any other weight-associated gravitational
forces. To withstand the rigor of various functional activities,
bone tissue rapidly accommodates changes in its microen-
vironment [49]. Although the mechanism of mechanical
loading eﬀects on bone is not completely understood, it is
postulated that it is due to the mechanotransduction of a
load. This mechanotransduction is carried out through ﬂuid
ﬂow near and between osteocytes (mature cells within the
mineralized bone matrix) [50]. In vivo and in vitro studies
indicate that mechanical stimuli increase strain, loading
frequency, and ﬂuid ﬂow, all of which have an osteogenic
eﬀect [51]. However, several conditions must be met to
aﬀect bone positively: (1) the strain produced by loading
must be of high enough magnitude to exceed the minimum
eﬀective strain (or threshold) [52]; (2) the strain should
be applied in an intermittent fashion [51]; (3) loading
should producea “diﬀerentfrom normal” strain distribution
within the bone [51]. In addition, recent research implies
that frequent loading on bone without rest may not allow
suﬃcient time for osteocyte ﬂuid ﬂow to recover from
inertial dumping between each load cycle. Therefore, ﬂuid
ﬂow and subsequent osteocyte stimulation might be reduced
or completely inhibited after the ﬁrst loading cycle. If so,
inserting short time periods between loadings will allow
for recovery from the inertial dumping eﬀect and facilitate
osteocyte stimulation. This eﬀe c tw a sr e c e n t l ys h o w ni nv i v o ,
in both young and older animals and in two diﬀerent species
(avian and murine); by inserting 10sec, rest period between
each loading cycle greatly enhanced the osteogenic potential
of the low-magnitude regimen [53].
While much emphasis is given to the resident bone cells
(primarily osteocytes) and their response to the local load
imposed on bone, new research implies that response to the
mechanical load (exercise) may also be neuronally regulated
and therefore systemic, with a resultant eﬀect on multiple
bones [54]. Sample et al. [54] showed that in young rats,
intense mechanical stimulation of one limb can illicit a
response in other limbs and even in the entire skeleton.
This newest discovery may explain why increased BMD
after localized mechanical stimulation could be recorded in
skeletal sites that were not directly stimulated (e.g., increased
forearm BMD with walking) [23].
5.The EffectofWhole-Body VibrationonBone
WBV is a new approach that is currently being tested for
its eﬀect on BMD and bone strength [51, 55]. There are
two main types of vibration devices/techniques: (a) up-
and-down oscillating vibration plates and (b) reciprocating
verticaldisplacementsontheleftandrightsidesofafulcrum,
providing the lateral oscillations. Rubin et al. [11, 51]
observed an increase in bone formation in weight-bearing
sites and a substantial increase in the quality and quantity
of trabecular bone in sheep exposed to a low-intensity, high-
frequency (20–50Hz) mechanical stimuli [11]. It is well
established that decreased estrogen due to ovariectomy in
animal models decreases the bone formation rate resulting
in a decrease in bone mass. In rats, Flieger et al. [56]f o u n d
that low-level, high-frequency mechanical loading (50Hz)
was eﬀective in preventing bone loss shortly after ovariec-
tomy. Even in aging mice, low- and high-intensity WBV
signiﬁcantly increased mineralized bone surfaces [57]. This
suggests that WBV may be a suitable bone-sparing therapy.
Bone is known to adapt to diﬀerent loading conditions
and the loading-induced strains are believed to be based on
theadaptationofthebonetissue.Forthat reason, researchers
usually administered frequencies at 15–35Hz to obtain
the maximum transmissibility of the mechanical loading6 Journal of Aging Research
produced by the vibrating plate. While the adaptation to the
mechanical loading is most likely the limiting factor, elderly
subjectshavebeen shown tobeneﬁtfromsimulated mechan-
ical loading. Early-postmenopausal women who stood on a
vertical plate of low magnitude (0.3g) and high frequency
(30Hz), twice/day (10 minutes each) for a year, showed no
diﬀerence in BMD compared with controls [13]. However,
evaluating those with ≥80% compliance, controls lost 2.13%
of bone mass in the femoral neck, whereas treatment group
gained 0.04% over one year. When the analysis focused on
the lower weight (<65kg women, a known risk factor for
osteoporosis) and those who were compliant, the beneﬁt of
treatment became signiﬁcant and demonstrated a 3% and
>2% positive diﬀerence at the spine and femoral neck BMD,
respectively.
Any potential beneﬁt of WBV strongly depends on com-
pliance and vibration stimulus that can be varied in multiple
ways (including type, magnitude, frequency, and duration),
and diﬀerent types of vibration loading are likely to result in
diﬀerent eﬀects on BMD [58]. Low-level mechanical stimuli
may be more eﬀective in lighter than in heavier women,
particularly for hip BMD. A recent meta-analysis (although
published only as an abstract) also showed that low-intensity
WBV eﬀectively attenuated postmenopausal BMD decline in
hip but not in spine [59]. Another study in postmenopausal
women where intervention was employed on a vertical plate,
higher magnitude (2.28–5.09g), and high-frequency (35–
40Hz) for 6 months showed a signiﬁcant 1.51% net increase
in total hip BMD but not in total body or spine BMD
[35]. A 5-month study examining an older man (79 years)
employing multiple vibration intensities and frequencies to
evaluate BMD showed detectable increase in spine, femoral
neck, trochanter, and forearm BMD [36]. Though this study
demonstrated positive results on BMD, only one participant
was examined, therefore, the results cannot be representative
of the larger group.
Gusi et al. [19] investigated whether WBV is more
eﬀective than walking for maintaining or increasing BMD.
They compared the eﬀect of walking and WBV using a
reciprocating plate, low amplitude (3mm), and medium fre-
quency (12.6Hz), for 8 months on BMD in postmenopausal
women.After 8months, femoralneck BMDwas signiﬁcantly
(4.3%) higher in the WBV group than in the walking group.
The diﬀerence in BMD at spine and other sites of the hip
was not signiﬁcant between two groups. The results suggest
that the vibration could be an easier approach to increase
BMD at the femoral neck than walking and could be applied
to provide a surrogate for suppressed bone loss of hip after
menopause. However, at the present time, it is too early to
make a conclusion due to insuﬃcient research in elderly
adults and varied vibration protocols. Compliance to WBV
in elderly population is another critical concern.
6.Possible Mechanism by Which Low-Intensity
Whole-BodyVibrationAffectsBone
Possible mechanism by which WBV aﬀects bone may be
based on the same principle as AEXs that activate the
osteoblasts while reducing the activity of the osteoclasts.
The strain, magnitude, and frequency are essential factors
for the eﬀect of WBV. WBV also increases the sensitivity of
musculoskeletal systems to adapt to the mechanical stimu-
lation. Controlled loading study has shown that high-strain
magnitude and high-strain rate are the most osteogenic
[60]. It has been hypothesized that mechanical stimulation
recruits additional osteoblasts and increases the percentage
ofmineralizing surfaces therefore,increasing therateofbone
f o r m a t i o na n dd e c r e a s i n gt h er a t eo fb o n er e s o r p t i o n[ 60].
It has been suggested that the high-frequency vibration
may have played an important role in the osteogenic eﬀect.
There is a general perception that signals must be large
enough to elicit a positive inﬂuence on bone mass and
morphology. However, the high-frequency stimulation may
be capable ofinﬂuencing skeletal architecture by distributing
uniform stresses on bones [61]. Rubin et al. [62, 63]
hypothesized that this inﬂuence may be achieved directly
by mechanical strain, or indirectly through ampliﬁcation of
the signal by intramedullary pressure or ﬂuid ﬂow in bone
tissue. The mechanism behind the frequency-dependent
adaptive response of bone to stimuli might be the stochas-
tic resonance. Stochastic resonance is a phenomenon in
which mechanicalnoise(broad-bandfrequencyofvibration)
enhances the response of a nonlinear system to a weak signal
by boosting it over a threshold. The stochastic threshold
may be modiﬁed through a system such as neuromus-
cular feedback ampliﬁed by the low-level signal [64]o r
by stimulating skeletal muscle pump activity, resulting in
signiﬁcant eﬀectson circulatory ﬂowsand ﬂuid ﬂow through
the bone tissue. In addition, previous study has shown
that stochastic resonance can enhance mechanosensitivity
of diﬀerent mechanoreceptors in the body, for example,
muscle spindles [65]. These ﬁndings indicate that vibration
stimulation employs multiple ways to inﬂuence bone mass
and structure.
7.Conclusions
In summary, evaluation of the published literature provides
evidence of the eﬀectiveness of AEX and WBV in increasing
or at least maintaining bone mass in the elderly. The
mechanism couldbeduetoincreasing thecirculationofﬂuid
and activating the osteoblasts while reducing the activity of
the osteoclasts via mechanical stimulation. The osteogenic
eﬀects of both AEX and WBV could be site speciﬁc (to
the spine or hip), depending on the exercise load and the
type of exercises. The beneﬁcial eﬀects on bone can be
maintained for a longer time if the exercise continues—
although the exercise may not maintain the age-related
reduction of BMD in elderly. In addition, the risk of injuries
orfalls couldbe high andthe compliancetoAEXparticularly
in elderly low. Walking is an inexpensive, practical exercise
associated with low injury rates and demonstrates high
acceptability by elderly. For these reasons, walking could
be an appropriate approach to prevent osteoporosis and
maintain bone mass. However, there is evidence that the
osteogenic eﬀect of load bearing may decline with agingJournal of Aging Research 7
[66], suggesting either a decrease in osteoblast activity or a
desensitizing of osteocytes to mechanical stimuli. Therefore,
alternative, more acceptable strategies with a lower risk of
injury need to be explored.
WBV should be implemented in an environment where
supervision could be provided. Vibration, with increased
stresses on the bone, stimulates remodeling but may also
decrease bone resorption. Studies show that it may increase
femoral neck BMD in postmenopausal women and in lower-
weight women, in addition to inhibiting bone loss after
menopause. However, just a few studies have investigated the
eﬀect of WBV on BMD in older population and diﬀerent
protocols were employed in the studies. In addition, it is
still unknown if these short-term eﬀects of low-intensity
WBV will persist or whether body will adapt (although
the parameters can be constantly changed to account for
adaptation).Itisnot knownyetwhether thebeneﬁtsofWBV
will disappear after the intervention is terminated, as it has
been shown previously with other types of exercise [25].
The on-going “VIBES” trial investigated the eﬀects of WBV
on various bone and muscle parameters in postmenopausal
women overa 2-year period [67],andresults,when available,
should provide more insight into the issue. This may shed
further light on the mechanism by which WBV operates
and may yield future areas of study. Overall, future studies
are required to conﬁrm these short-term ﬁndings and to
investigate whether the long-term WBV and AEX still have
positive eﬀect on bone.
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